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Field of the Invention 

The present invention relates to the field of optics, and more particularly, to a method and apparatus for 
measuring the polarization dependent loss of an optical component 

5 

Related Art 

When an optica! signal is input to an optical component, an insertion loss occurs. A portion of the insertion 
loss varies as a function of the input polarization state and is known as polarization dependent loss (PDL). 

10 PDL causes signal degradation in optical transmission systems. Many optical components, such as isolators 
and couplers, exhibit PDL. It is desirable to accurately measure the PDL of an optical component to determine 
its suitability for use in an optical system. 

Conventional techniques have allowed measurement of PDL to an accuracy of approximately 0.01 dB. 
However, in an optical transmission system which spans thousands of kilometers and includes many optical 

15 components located along the transmission path, a PDL of 0.01 dB per component can have a substantial ad- 
verse affect on signal quality. Thus, it is desirable to increase the accuracy with which PDL can be measured 
so that optical components may be more accurately screened to determine suitability for use in such an optical 
system. . 

Conventional PDL measurement techniques use a test set that includes a laser, a manual polarization con- 

20 trailer, and a power meter. The polarization controller is used to manually adjust the polarization of an optical 
signal from the laser through a wide range of polarization states. The power meter is then used to monitor the 
output of the device under test (DUT) for maximum and minimum signal transmission. PDL measurement error 
can be attributed to three primary sources: (1) the stability of the laser, (2) the fiber bend loss associated with 
adjustments of the manual polarization controller, and (3) PDL of the power meter (detector). 

25 Commonly owned, copending U.S. Pat Appl. No. 07/999,080, filed December 31, 1992, and titled "Depo- 

larizer," discloses a means for decreasing the PDL of the power meter. A depolarizer (an unpumped erbium 
doped fiber) is interposed between the DUT and the power meter. The depolarizer converts the polarized light 
into unpolarized amplified spontaneous emission of a longer wavelength. The unpolarized amplified sponta- 
neous emission reduces the effect of the PDL of the power meter. 

30 While the system disclosed in the '080 application has led to an improvement in PDL measurement tech- 

niques, a flaw remains. Current PDL measurement techniques are empirical. For example, the polarization con- 
troller is used to incrementally adjust the optical signal through a range of polarizations in search of maximum 
and minimum signal transmission through the DUT. The searches are normally done manually, although au- 
tomatic searches involving measurements at virtually all possible states of polarization (SOPs) have been pro- 

35 posed. Regardless of whether the search is manual or automatic, it is likely that the actual (absolute) maximum 
and minimum points will be missed, because the search is done in discreet increments. 

Manual searches also have the disadvantage of operator fatigue which results from the tedious process 
required to manually adjust an optical signal through a range of polarizations. Operator fatigue leads to meas- 
urement errors. 

40 More sophisticated techniques involving gradient search procedures also appear feasible. The major draw- 

back to these methods is that they are potentially time consuming. For example, the points on the Poincare 
sphere can represent the sampled SOPs to be used as a test input If a sample is made every 10° of longitude 
and latitude then roughly 600 measurements would form the sample set This could take a considerable amount 
of time and is therefore not attractive as a manufacturing test procedure. In addition, for accurate PDL meas- 

45 urements one would have to be assured that the waveplates used to produce the sample SOP are without PDL. 

Summary of the Invention 

Polarization dependent loss (PDL) of an optical component is computed in a deterministic way that requires 
so only four measurements. Each measurement is taken using a different input state of polarization. Each polar- 
ization state is unique and at least one of the polarization states is elliptical. 

The test set of the invention includes an optical source for generating an optical signal. A polarization con- 
troller produces a polarized input signal having one of four known polarization states. Connection means pro- 
vides the polarized signal to the optical component or device under test (DUT). A power meter receives the 
65 polarized signal from the optical component under test and determines the intensity of the polarized signal out 
of the DUT. 

A motor or similar actuator means cycles the polarization controller through the four known polarization 
states. A controller computes the PDL of the optica) component based on the measured intensities of the po- 
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iarized signals for the four known polarization states. The controller may also control the motor to change the 
polarization state of the input signal. 

In the preferred embodiment, a depolarizer is positioned between the DUT and the power meter. The de- 
polarizer is an unpumped doped optical fiber having a length sufficient to absorb fully the polarized signal and 
5 to produce unpolarized amplified spontaneous emission of longer wavelength from the polarized signal. By 
depolarizing the signal prior to measuring the intensity at the power meter, errors caused by the PDL of the 
power meter are substantially reduced (i.e., reduced to a level below current measurement capabilities). 

In the preferred embodiment, the optical source includes a laser, a first optical isolator, an interference 
bandpass filter, and a second optical isolator. The polarization controller includes a first polarization controller 
10 coupled to receive the optical signal from the laser. The first polarization controller includes a fixed polarizer, 
a quarter waveplate, and a half waveplate. A second polarization controller is interposed between the laser 
and the first polarization controller. The second polarization controller is manually adjusted to maximize the 
optical signal being transmitted through the fixed polarizer of the first polarization controller. 

The method of the invention includes the following steps. An optical signal is polarized to produce a signal 
16 having a first known polarization state. The first polarized signal is then transmitted through the DUT to yield 
a first output signal. The intensity T a . of the first output signal is measured. These steps are then repeated for 
second, third and fourth polarization states to yield respective intensities T 0ib , T 0lC and T 0fd . Each of the first, 
second, third and fourth polarization states are unique. At least one of the polarization states is elliptical (not 
linear). 

20 The transmissivity of the optical component under test is represented by a Mueller matrix. The output in- 

tensity T 0 is a product of first row elements moo, "to. mo* and of the Mueller matrix and a Stokes vector 
representing the polarized input signal. Thus, the intensities To,* T QJbt T^ and T 0td can be used to compute 
values for the first row elements moo, moi* and mo* of the Mueller matrix. Once these values are computed,, 
the PDL of the optical component under test is computed using the following equation: 

25 

PDL = "lOlog^^J . where « . ^» / 

30 

In the preferred embodiment, the test set is calibrated and a reference signal is used to normalize the in- 
tensity measurements to eliminate drift and other test measurement errors from the PDL computations. The 
reference signal is formed by tapping off a portion of each polarized signal at the connection means. The ref- 
erence signal is used by the power meter to determine the change in input power at the DUT for each of the 

35 four polarization states. The intensity of the signal from the DUT and the intensity of the reference signal are 
measured by the power meter in the ratio mode. Prior to measuring the intensity of the optical signals, the sig- 
nals may be depolarized to eliminate any PDL error introduced by the power meter. 

The foregoing and other objects, features and advantages of the invention will be apparent from the fol- 
lowing, more particular description of a preferred embodiment of the invention, as illustrated in the accompa- 

40 nying drawing. 

Brief Description of the Drawing 

Figure 1 is a block diagram illustrating the test set of the invention. 

48 

Detailed Description of the Preferred Embodiment 

The inventors have discovered a deterministic method for measuring the polarization dependent loss (PDL) 
of an optical component The method uses the Mueller matrix representation of a device under test (DUT). Four 

so measurements are taken to characterize the PDL of the DUT. Each of the measurements is done with an input 
signal having a unique, known state of polarization (SOP). At least one of the inputs signals must have an el- 
liptical (i.e., not linear) SOP. The intensities of the output signal from the DUT for each of these SOPs is then 
measured. The intensities are used to compute the first row elements moo, ™oi> mo* and m^ of the Mueller 
matrix. The first row elements are then used to compute the PDL of the optical component under test using 

85 the following equatbn: 
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PDL = -lOlog^j^j . where a = +n&+m& . 

6 

The preferred embodiment of the invention is discussed in detail below. While specific part numbers and 
configurations are discussed, it should be understood that this is done for illustration purposes only. A person 
skilled in the art will recognize that other components and configurations may be used without departing from 
the spirit and scope of the invention. . 

10 A test set 1 00 of the invention is shown in Figure 1 . Test set 1 00 includes an optical source 1 02, a polari- 

zation controller 104, an optical tap 106, a depolarizer 108, and a power meter (detector) 110. A DUT 112 is 
connected between optical tap 106 and depolarizer 108. All elements are connected via fusion spliced optical 
fibers. An electronic controller 118 is electrically connected to polarization controller 1 04 and power meter 110 
to automate PDL measurements using test set 100. 

16 With test input and output directly connected (i.e., with no DUT present), test set 100 has a residua) PDL 

of less than 0.001 dB. If the temperature is kept constant, measurements with a repeatability of ±0.001 dB are 
obtainable, yielding an order of magnitude improvement over conventional empirical PDL measuring techni- 
ques. 

20 Optical Source 102 

Optical source 102 includes a distributed feedback (DFB) laser 120, optical isolators 122,126, an interfer- 
ence bandpass filter 124 and a modulator 128. Laser 120, optica! isolators 122,126 and bandpass filter 124 
are connected via fusion spliced optical fibers. Modulator 1 28 is electrically connected to laser 120. 

25 Laser 120 generates optical energy that lies within the absorption bandwidth of depolarizer 108 (discussed 

below). Modulator 128 modulates laser 120 at 10 MHz to reduce the coherence length of the laser. This ar- 
rangement provides laser 120 with a stability of less than 0.002 dB variation in a two minute interval. This va- 
riation, however, does not adversely affect the PDL measurement accuracy, because it is ratioed out through 
the use of reference channel 116 as discussed below. 

30 Bandpass filter 124 has a 1 .5 nm (nanometer) pass band. Bandpass filter 124 reduces the amplified spon- 

taneous emission of laser 1 20. If laser 1 20 does not have output radiation of a wavelength outside of the de- 
polarizer absorption bandwidth, then bandpass filter 124 and isolators 122,126 may be eliminated. 

Polarization Controller 104 

35 

The output of isolator 126 is connected to polarization controller 104. Polarization controller 104 includes 
a manual polarization controller 1 30 and an automated polarization controller 132. Automated polarization con- 
troller 132 includes a polarizer, a quarter waveplate and a half wave plate, all mounted on a shaft for relative 
rotation by an electric motor. Manual polarization controller 1 30 is an all fiber polarization controller which Is 
40 used to maximize the signal through the polarizer of automated polarization controller 132. Once the signal 
through the polarizer is maximized, the quarter and half waveplates may be rotated to change the SOP of the 
optical signal output from polarization controller 1 04. 

In the preferred embodiment, manual polarization controller 130 is a three paddle, all fiber polarization 
controller such as a model MPC1000, available from BT&D Inc., Kennett Square, Pennsylvania. Automated 
45 polarization controller 132 is a model PR-2000, available from JDS Fitel Inc., Nepean, Ontario, Canada. 

Polarization controller 1 04 is used to cycle the optical signal from optical source 1 02 through four states 
of polarization. This is accomplished by rotating the quarter and half waveplates in controller 132. In an alter- 
nate embodiment, special waveplates may be inserted and removed from the optical path to yield the desired 
states of polarization. 

50 

Optical Tap 106 

Optical tap 1 06 is a single input dual output optical splitter. The input of tap 1 06 is connected to the output 
of polarization controller 104. A first output 141 of tap 106 is connected to DUT 112. The intensity of this signal 
55 is measured by a first channel 114 of power meter 110. 

A portion (e.g., one percent) of the optical signal input to tap 106 is tapped off to form a reference signal 
which is output via a second output 142. Second output 142 of tap 1 06 is connected to a second or reference 
channel 116 of power meter 110. The reference signal is used to determine the change in input power into DUT 
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1 1 2 for each of the four polarization states. 

Depolarizer 108 V 

5 Depolarizer 108 Is a length of un pumped, erbium doped fiber which is used to convert the polarized light 

from DUT 112 to unpolarized amplified spontaneous emission of a longer wavelength. Depolarizer 108 oper- 
ates as follows. When light in the erbium absorption band (i.e., 1460 nm to 1570 nm) is input to a length of 
unpumped erbium doped fiber, the light excites the erbium atoms. The excited atoms return to the ground state 
by emitting lower energy (longer wavelength) photons and, if the emitted photons are within the erbium ab- 

io sorption band, the process is repeated. Thus, amplified spontaneous emission is generated at successively 
longer wavelengths. 

If the depolarizer fiber is sufficiently long, the input signal is completely absorbed and only longer wave- 
length, unpolarized amplified spontaneous emission is generated. For example polarized light at 1558 nm is 
converted to broadband unpolarized amplified spontaneous emission at wavelengths that are longer than 1600 
15 nm. For a more detailed discussion of depolarizer 108, see the above referenced U.S. Pat Appl. No. 
07/999,080, which is incorporated herein by reference. By providing a depolarized optical signal to power meter 
110, errors caused by the PDL of power meter 110 are substantially reduced (i.e., reduced to a level below 
current measurement capabilities). 

20 Power Meter 110 

In the preferred embodiment, power meter 11 0 is an HP81 53A power meter, available from Hewlett-Pack- 
ard Company, Palo Alto, California. Measurement are made in a ratio mode using the reference signal to ac-, 
count for slow drifts in test set 1 00. 

25 

Electronic Controller 118 

Electronic controller 118 is electrically coupled to automated polarization controller 132 to control rotation 
of the quarter and half waveplates (via an electric motor) which are used to change SOPs of the optical signal. 
30 Controller 118 is also electrically connected to power meter 110 to coordinate SOP changes with intensity 
measurements taken by power meter 110. Electronic controller 118 includes processing means for computing 
a PDL for the DUT according to the method outlined below. 

Electronic controller 118 may be any general purpose microcomputer or workstation having an appropriate 
interface for communicating with test set instruments. In the preferred embodiment, the computer will have 
35 an IEEE-488 interface for communication with the HP81 53A power meter and the automated polarization con- 
troller. 

Method of the Invention 

40 Before using test set 100 to measure the PDL of a DUT, manual polarization controller 130 is adjusted for 

maximum transmission through the polarizer of automated polarization controller 132. This ensures that all of 
the input signal is aligned with the polarizer's axis to establish a reference for generation of the four desired 
SOPs. Automated polarization controller 132 is then set to generate each of the four desired SOPs. 

Next, test set 100 is calibrated. Calibration involves determining the ratio between the input power to DUT 

45 112 (Pout.cai) and the reference signal power (P^o*) for each of the four polarization states. This is done by 
splicing the first output of optical tap 1 06 directly to depolarizer 1 08 (i.e., DUT 112 is bypassed). At each SOP, 
the intensity of the output of depolarizer 108 (via channel 114) and the reference signal (via channel 116) are 
measured via power meter 110 and stored in a memory by controller 116. This calibration information is used 
to determine changes in input intensities to the DUT. 

go After DUT 112 is spliced in, the transmitted power (PoutDUT through DUT 112) and reference power (P refiOUT ) 

are measured at each desired polarization state. Thus, there are four measured quantities for each polarization 
state. The first two values are the output of the depolarizer (Pouu*) and the reference channel (P**^ from 
the calibration measurement The second two values are the same powers measured with the DUT present 
(PoutDtrr and Praf.Dur) 

ss The change in transmitted power or the normalized power T 0 for each polarization state is given in decibels 

(dB)by: 

After all four measurements have been taken and T 0 has been calculated for each SOP, then the changes in 



EP 0 654 657 A2 



transmitted power are used to compute the first row elements moo. moi. /"o» and of the Mueller matrix. 
The first row elements are then used to compute the PDL of the DUT using the following equation: 



PDL - -lOlo; 
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16 



20 



Note that the PDL is expressed in dB or deciBels as is the convention. This, however, is not required. 
Theoretical Foundation of the Invention 

Transmission through a DUT for a given input may be expressed as the product of the Mueller matrix of 
the DUT and the Stokes vector describing the input This is illustrated in Equation 1 .1 : 
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5 0 cos co sin a 


r 3. 








S 0 sine* 



(1.1) 



30 



26 T 0 is the intensity of the output signal (I.e., transmitted power). S 0 is the intensity of the input signal. © is the 
ellipticity of the input polarization, and a is the azimuth of the input polarization. Except for the first row, all 
other entries in the Mueller matrix have been omitted to emphasize the fact that they do not enter into the PDL 
determination. We are concerned only with the T 0 term of the resultant Stokes vector. 
Performing the indicated matrix multiplication results in Equation 1.2: 

To = mooSo * nioiSoCOSocosa + /77 02 S 0 cosa>sina + m^osina) (1.2) 
To obtain the maximum and the minimum values for the intensity variable T 0 , the partial derivatives of 
Equation 1.2 are taken with respect to the input polarization variables <d and a. The resulting equations are 
then set equal to zero. For a: 

5To/5a - - m 01 S 0 coso>slna + ittaSoCOSocosa ■ 0 (1.3) 
Simplification of Equation 1.3 yields: 

moisina o m 02 cosa. 

and therefore: 

a o arctan(/n 02 //7ioi) + nit, n ■ 0 P 1 (1^) 
a ■ a* + rm, n ■ 0,1 (1.4a) 

The addition of /m in Equation 1.4 comes from a consideration that the azimuth has a range of from zero to 
2w. The ellipticity, to be determined in what follows, has a range of ± w. This is the range of the definition of 
the arctangent and hence, there are no additional factors to be considered in its expression. For a>: 
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&TJ6ta = -m 0l< S 0 sm«cosa - m^simasma 
+l » 03 5 0 co8« 
= 0 



(IS) 



60 Solving for co yields: 
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CO = BXCtttH 



m 01 cosa +m m sina , 



(1.6) 



Applying Equation 1.4 to eliminate a yields: 
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01 



JIT 



02 



This simplifies to: 



to 



c«) - arctan 



f5 Knowing the values of a and go in terms of /Hoi. m^, and /n^ allows the following three relationships to be 



20 



coscjcosa = 



m oi + w 



02 



,5 



01 



2 . _2 
02 . w 03 



"»0i 



3 j— 



(1. 
— 71 

5" ) 



25 



cosaslna ■ 



and 



sinoo ■ 



"'OS 



(1.72) 



(1-73) 



to Vm 2 M + frt a tt + ni 2 ^ 

For use below, we define: 

a ■ VroVi + m^a + (1.74) 

Equations 1.71-1.73, representing the azimuth and ellipticity of the polarization, can then be 
tion with Equation 1.74 to rewrite Equation 1.1 as follows: 



used in conjunc- 
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Performing the indicated multiplication (with n=0 in Equation 1.4) leads to an expression in Equation 1.9 for 
the maximum output intensity: 

Tou, " s o(" I oo+ m»oi/a ♦ i»V« + mW«) (1.9) 
Equation 1.9 can be simplified to: 

1^= S 0 (moo + •) (1.10) 
Next, the minimum output intensity is computed. When n=1 in Equation 1.4a, the following relationships 
are true: 

cos(ao + n) ■ - cosao 
sin(ao + *) ■ -sinoo 
these relationships are used to rewrite Equation 1.6 as: 
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co = aictan 



f — : ) 



Simplifying yields: 

Thus, the Stokes vector for the minimum is simply: 
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co = -arctan 



ym 0l casa 0 



m Q3 "I 

; 0 + w^sinoj 



20 



so 



As can be seen, this vector is 180° away from the maximum case (see Equation 1.8) on the Poincare 
sphere. Thus, the polarizations for maximum and minimum are in quadrature. Associating this vector with the 
assumed Mueller matrix leads to the result 

7^- So(moo- a) (1.11) 

The PDL can now be calculated from Equations 1.10and 1.11 as follows: 



PDL - -lOIog^/r^) = -lOlog^^^j 



(1.12) 



40 



SO 



Example 

From Equation 1 .12, it is apparent that the measurement of moo, moi, and m oz is required to determine 
the PDL of the DUT. This can be done with four equations, each one involving a unique input SOP. The simul- 
taneous solution of the four resulting Stokes vectors will isolate the desired Mueller matrix elements. For ex- 
ample, the following four unique input SOPs may be used to determine the first row elements of the Mueller 
matrix: 

1 . A horizontal linear polarized source 

2. A vertical linear polarized source 

3. A 45° linear polarized source 

4. A circular polarized source 

The accuracy and precision are those associated with the intensity measurements. Using separate polariza- 
tions also has the attendant advantage of utilizing a priori knowledge conveniently. 

For the sample SOPs given above, the Mueller matrix element could be computed as follows. For an input 

signal of horizontal linearly polarized light (g = S 0 ,S 0 , 0,0), the transmitted intensity (T 0 ) is given by: 

where S 0 is the input power. Similarly, for vertical linearly polarized light ($ = So-So.0,0) of the same power 

Toj> a SofHoo - So^oi 

These two equations can then be solved for moo anQ * m oi in terms of the input and transmitted powers. 

A similar approach is used for and using 45° linear polarized light and left hand circular polarized 

light For an input signal of 45° linear polarized light ($ = S o »0,Sb,0), the transmitted intensity 00 is given by: 
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T 0fC ■ S 0 m 02 + So/t?oo 
Similarly, for left hand circular polarized light (J = SoAO,-So) of the same power 

Toj ■ So^oo - $0*1*0* 

Because moo has been previously computed, these two equations can be solved for and m m in terms of 
the input (S 0 ) and transmitted (T 0 ) powers. 

Thus, there will be four T 0 values, (T 0fa ,r 0|b , r 0fC and r 0fd ), one for each polarization. The Mueller matrix 
elements are then given by: 



nioo 1 



mm* 



2 

Note that ail values have been normalized for an input power of 1 mW (one milliWatt) and all values are in 
mWs to simplify the equations. Once the four Mueller matrix elements have been calculated, the PDL of the 
DUT may be computed from Equation 1.12. 

In summary, the PDL of a DUT may be computed by taking an intensity measurement for each of four dia^ 
tinctSOPs. At least one of the SOPs must be elliptical (not linear) in order to solve for the Mueller matrix element 
/no* Once the Mueller matrix elements are computed, calculation of the PDL may be quickly performed. 

While the invention has been particularly shown and described with reference to several preferred em- 
bodiments thereof, It will be understood by those skilled in the art that various changes in form and details 
may be made therein without departing from the spirit and scope of the invention as defined in the appended 
claims. 



Claims 

1. A method for computing polarization dependent loss of an optical component, the method comprising the 
steps of: 

(a) generating an optica) input signal; 

(b) polarizing said input signal to produce a polarized signal having a first known polarization state; 

(c) transmitting said polarized signal through said optical component to yield an output signal, wherein 
a transmissivity of the optical component is represented by a Mueller matrix, an intensity T M of said 
output signal being a product of first row elements moo. ™oi, m 0 * and of said Mueller matrix and a 
Stokes vector representing said polarized signal; 

(d) measuring said intensity T 0t « of said output signal; 

(e) repeating steps (b>(d) for second, third and fourth polarization states to yield respective intensities 
To> T 0fC and T 0/St wherein each of said first second, third and fourth polarization states are unique and 
one of said polarization states is not linear; 

(f) computing values for said first row elements /no* "to. mo* and of said Mueller matrix using said 
intensities To,., To^, To^c and T 0 ^; and 

(g) computing the polarization dependent loss (PDL) of the optical component from said first row ele- 
ments moo, fl?oft m o* and mos of said Mueller matrix. 

2. The method of claim 1 , wherein step (g) of computing comprises using an equation: 

PDL = -101 



The method of claim 2, further comprising a step of: 

normalizing each said intensity T 0 prior to step (f) to eliminate test measurement errors from the 
computations of step (g). 
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4. The method of claim 3, wherein said step (d) of measuring comprises: 

depolarizing said output signal to produce a depolarized output signal; and 
measuring an intensity of said depolarized output signal with a power meter. 

5. The method of claim 4, wherein said step of depolarizing comprises passing said output signal through 
an unpumped doped optical fiber to produce from said output signal unpolarized amplified spontaneous 
emission of longer wavelength; and wherein said step of measuring comprises measuring said intensity 
of said spontaneous emission with a power meter. 

6. A method for computing polarization dependent loss of an optical component using a test set, the method 
comprising the steps of: 

(a) generating an optical input signal; 

(b) polarizing said optical input signal to produce a polarized signal having a first known polarization 
state; 

(c) tapping off a portion of said polarized signal to produce a test signal and a reference signal; 

(d) measuring an intensity of each of said test signal and said reference signal for said first known po- 
larization state with a power meter; 

(e) repeating steps (b)-(d) for second, third and fourth polarization states, wherein each of said first, 
second, third and fourth polarization states are unique and one of said polarization states is not linear; 

(f) introducing the optical component into the test set so that said test signal is passed through the opt- 
ical component prior to step (d); 

(g) repeating steps (a)-(e); 

(h) using, for said first polarization state, said intensity of said reference signal and said test signal 
measured prior to step (f), and said reference signal measured after step (0, to normalize said intensity 
of said test signal measured after step (f), said normalized intensity T 0fa representing an intensity loss 
at said first polarization state resulting from said optical component; 

(0 repeating step (h) for second, third and fourth polarization states to yield respective normalized in- 
tensities T^, To^ and T 0 ^; 

0) computing values for first row elements m^ ™oi, rrto* and of a Mueller matrix from said nor- 
malized intensities T 0 ^, T^ T 0fC and T 0|d ; and 

(k) computing the polarization dependent loss (PDL) of the optical component from said first row ele- 
ments moo, moi> mo* and moa of said Mueller matrix. 

7. The method of claim 6, wherein step (k) of computing comprises using an equation: 

PDL = -lOlo^j^j .where « = . 

8. An apparatus for measuring polarization dependent loss of an optical component, comprising: 

laser means for generating an optical signal; 

polarization means for receiving said optical signal and for producing a polarized signal having one 
of four known polarization states, wherein each of said polarization states is unique and one of said po- 
larization states is not linear; 

connection means for providing said polarized signal to the optical component; 

meter means for receiving said polarized signal from the optical component and for determining 
an intensity of said polarized signal; 

actuation means, coupled to said polarization means, for causing said polarization means to cycle 
through said four known polarization states; and 

controller means, coupled to said meter means, for computing the polarization dependent loss of 
said optical component based on said measured intensities of said polarized signals for said four known 
polarization states, 

9. The apparatus of claim 8, wherein said meter means comprises: 

a depolarizer configured to depolarize said polarized signal to produce a depolarized signal; and 
a power meter coupled to said depolarizer to measure an intensity of said depolarized signal. 
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10- The apparatus of claim 9, wherein said depolarizer comprises an unpumped doped optical fiber having 
a length sufficient to produce from said polarized signal unpolarized amplified spontaneous emission of 
longer wavelength, said spontaneous emission forming said unpolarized signal. 

11. The apparatus of claim 9, wherein said connection means comprises: 

an optical splitter to tap off a portion of each polarized signal to produce a reference signal, each 
reference signal being provided to said power meter. 

12. The apparatus of claim 9, wherein said laser means comprises: 

a distributed feedback laser; 

a first optical isolator coupled to receive said optical signal from said laser; 
an interference bandpass filter coupled to receive said optical signal from said first optical isolator; 
and. " 

a second optical isolator coupled to receive said optical signal from said interference bandpass 

filter. 

13. The apparatus of claim 12, wherein said polarization means comprises: 

a first polarization controller coupled to receive said optical signal from said laser means, said po- 
larization controller having a fixed polarizer, a quarter waveplate, and a half waveplate; and 

a second polarization controller interposed between said laser means and said first polarization 
controller and configured to be manually adjustable to maximize an optical signal being transmitted' 
through said fixed polarizer of said first polarization controller. 

14^ The apparatus of claim 13, wherein said actuation means comprises: 

an electric motor configured to change orientation of said waveplates of said first polarization con- 
troller to cycle said polarization means through said four known polarization states. 

15. The apparatus of claim 14, wherein said electric motor is controlled by said controller means. 
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